Stand structure, diversity and regeneration status of woody species were investigated in open and exclosed dry woodland sites in Island Safari, Shorobe and Xobe, northeastern Botswana. A total of 105, 111 and 130 quadrats, measuring 20 × 20 m each, were laid down along parallel line transects in the three sites, respectively, to collect data. A total of 47 species, representing 16 families and 24 genera, were recorded in the study sites. Of these, 33 species representing 13 families and 20 genera, 41 species representing 15 families and 23 genera and 27 species representing 10 families and 14 genera were encountered in Island Safari, Shorobe and Xobe, respectively. The most diverse family was Fabaceae followed by Combretaceae and Tiliaceae at all the three sites. The most diverse genus was Acacia, followed by Combretum and Grewia. The diversity of woody species in the study sites were 2.18, 2.15 and 1. sii and A. luederitzii in Xobe. The alarming result was the fact that 71%, 80% and 85% of the woody species recorded in Island Safari, Shorobe and Xobe, respectively, exhibited hampered regeneration and, thus, unhealthy population structures. Therefore, there is an urgent need to address the observed unhealthy population structures of the woody species through investigation of the major causes of their hampered regeneration, and also designing measures that will facilitate natural and artificial regeneration of these species at the three study sites.
Introduction
Tropical forests, which are home to around half of the terrestrial plant and animal species, are being destroyed at rates unprecedented in geological history (WCMC, 1992; Wright & Muller-Landau, 2006; LaFrankie et al., 2006; Lu et al., 2010; Elliot et al., 2013) . The result is a wave of species extinctions that is leaving our planet both biologically impoverished and ecologically less stable. Since pre-industrial times, tropical forests have shrunk in area by 35% -50% (Wright & Muller-Landau, 2006; Elliot et al., 2013) . The degradation of dry forests and habitat loss due to anthropogenic activities are among the major causes of decline in biodiversity (Pickett & White, 1985) . To meet the increasing demands of rapidly increasing human population, natural forest resources are being utilized far beyond their regenerative capacity. This has resulted in decreasing size and quality of natural forests at alarming rates in Africa and other parts of the world. The effect of human disturbances on species diversity is an issue that has engaged ecologist since long (Pickett & White, 1985; Tilman, 1988; Vetaas, 1997; Sheil, 1999; Wright & Muller-Landau, 2006; Lawes et al., 2007; Sapkota et al., 2009; Lu et al., 2010) .
For the management of both undisturbed and disturbed forest communities, it is very important to understand forest stand structure and composition (Congdon & Herbohn, 1993; Ssegawa & Nkuutu, 2006) . Such an understanding helps the forest managers to assess the potential impacts, the amelioration of effects of disturbance, optimization of productivity and rehabilitation of degraded ecosystems (Congdon & Herbohn, 1993) . Assessment of floristic composition and structure of forest communities is also useful in identifying important elements of plant diversity, protecting threatened and economic species, and monitoring the forest communities, among others (Tilman, 1988; Ssegawa & Nkuutu, 2006) . The status of tree populations can be revealed by way of size class distribution analyses (Newbery & Gartlan, 1996; Condit et al., 1998) . For natural populations with good and continuous rejuvenation, size class distributions are generally exponentially decaying with many more trees in smaller size classes than in larger ones (Hall & Bawa, 1993) . With certain reservations, a lack of juveniles can, therefore, be an indication of declining populations. On the other hand, size class distribution analyses can indicate trends in species for the nearest future.
Historically, human disturbance has been in existence in dry forests and dates back to early human occupation of forest regions (Fairhead & Leach, 1998) . Disturbances of both natural and human origin influence forest dynamics and tree diversity at local and regional scales (Sheil, 1999; Sapkota et al., 2009) , and do not only influence diversity, but also post-disturbance regeneration and dominance of tree species (Lawes et al., 2007) . Several studies (Vetaas, 1997; Sheil, 1999; Venkateswaran & Parthasarathy, 2003; Lawes et al., 2007) have explained the relationship between disturbance and species richness, but the studies that elucidate how disturbances influence stand structure, species composition and regeneration of tree species are very limited (Sapkota et al., 2009) , and this is also the case in Botswana. Woody vegetation has received little attention in management strategies (von Maydell, 1995) , although it is well documented that woody species are both essential for sustaining the livelihoods of local people (von Maydell, 1986) . Woody species play critical roles in providing goods and services necessary for the well-being of both humans and animals. For instance, they serve as sources of food, beverages, animal feed, timber/wood used for various purposes, fuel wood, charcoal, medicine, honey, spices, gums and resins, other non-timber forest/woodland products, tourism, etc. They have also cultural and spiritual as well as environmental importance. They play significant roles in carbon sequestration-mitigation of climate change, soil and water conservation, watershed protection, nutrient recycling, nitrogen fixation, amenity and recreation, creation of microclimate, gene conservation, and as habitat and breeding ground for different organisms. Despite this reality, they are severely affected by degradation processes (GEMS, 1988; Holmes, 2003) . Therefore, there is an urgent need for their restoration, proper management, sustainable utilization and conservation, which, in turn, require a good understanding of their stand structures as well as diversity and status of regeneration of woody species.
Dry forests and woodlands in northwestern Botswana are among the biodiversity rich regions of southern Africa. However, this is the part of the country where flood recession farming has been excessively practiced. Flood recession farming is an important livelihood activity that depends on natural (flood) waters. It makes use of fields that are located close to or in the floodplain or river channel where soils are moistened by seasonal flooding and supplemented by rainfall (Chimbari et al., 2009; Neelo et al., 2013) . During the recession of the floods, the fields gradually dry up, and strips parallel to the remaining water can be successively planted. This type of practice has huge implications on the surrounding vegetation as most people practicing it are usually subsistence farmers who lack financial muscles to buy materials to fence their fields and construct their homes and, as such, relying on the vegetation for provision of materials for these purposes. So, the resources are now under increasing anthropogenic pressure, such as timber extraction, firewood collection, cattle grazing, etc. (Neelo et al., 2013) .
In spite of the increasing human activities in the woodlands, few studies have been conducted to assess their impacts on plant assemblages in the area. Past studies in other countries have indicated that due to disturbance in the forests, condition shave become unfavorable for existing species, which, as a result, fail to reestablish themselves (Singh & Singh, 1992) . One of the cheapest and convenient methods employed to restore, manage and conserve woody species is the establishment of area exclosures (also referred to as area enclosures or enclosures) (Birhane et al., 2004 (Birhane et al., , 2006 Mengistu et al., 2005a, b; Hailu et al., 2006; Mekuria et al., 2007; Teketay et al., 2010) . Area exclosure is the practice of land management that involves the exclusion of livestock and humans from openly accessing an area that is characterized by severe degradation (Aerts et al., 2009; Teketay et al., 2010) . The purposes of exclusion of animals and humans are to prevent further degradation of the ecosystems advance revegetation/forest regeneration and restore the overall ecological conditions of the areas. In area exclosures, restoration/rehabilitation is primarily a natural process and human inputs are limited to offering protection against interferences. For this reason, some call it "zero management" strategy for rehabilitation. The zero management makes it also the cheapest method of rehabilitation of degraded areas. Nonetheless, in few cases, exclosures are supplemented with enrichment plantings of native and/or exotic species as well as soil and water conservation activities to speed up the restoration processes.
In this study, we have set out to undertake a comparative investigation on the woody plant diversity (species richness, diversity and evenness), stand structure of the woodlands (density, abundance, frequency, dominance/ basal area, population structure and important value index) and regeneration status of the woody species of a site, which has been enclosed for more than 30 years, and two nearby sites, which have been exposed to anthropogenic disturbances, including grazing of domestic animals. We hypothesized that long years of exclosure prevents further degradation, thereby, enhancing the various stand structures in a given area containing woody vegetation. The specific objectives of the study were to: 1) investigate the species richness, diversity and evenness of woody species; 2) assess similarities in floristic composition of woody species among the three study sites; 3) determine the density, frequency and dominance and important value indices; and 4) assess the population structure and regeneration status of woody species in the study sites.
Study Sites
The study was carried out in Island Safari Lodge located in Maun (hereafter referred to as Island Safari) at 19˚59'0" South, 23˚25'0" East, Shorobe Village (hereafter referred to as Shorobe) and Xobe Village (hereafter referred to as Xobe) in northeastern Botswana (Figure 1) . Owing to the lack of sites with woody vegetation resources that have not been hampered by humans and domestic animals in the study area, Island Safari was selected as a proxy (control) site to intact woody vegetation resource since it has been exclosed from human and domestic animal interference for more than 30 years. The other two villages, namely Shorobe and Xobe, have been identified as suitable sites since they have different flooding patterns and local topography and, conse- quently, variations in molapo farming practices (Chimbari et al., 2009; Neelo et al., 2013) . The three sites fall within the Okavango Delta, part of the wetland system, which starts in the highlands of Angola. The molapofarming system in these areas is dependent upon the rainfall at the source averaging 1400 mm•year −1 with the Okavango Delta receiving an average of 450 -500 mm year −1 (McCarthy et al., 1998; Neelo et al., 2013) . Island Safari, which is strategically located at the edge of the Thamalakane River, originating from the Okavango Delta, is a privately owned property, which has been established in 1972. The property has been a disturbed open area used for cattle post and molapo farming by the local communities until it was exclosed with a fence in the early 1980s. At the beginning, people could not accept establishment of the exclosure and, hence, were illegally cutting the fence to allow their livestock through and access the river and graze in the land. This continued to create conflicts between the management of Island Safari and the cattle owners until 1986, when an official instruction was issued from the ministry responsible for tourism at that time to ban livestock grazing and molapo farming in the property. Hence, the fence was put up again in the late 1980s and re-enforced with an electric fence in 2006. Despite these efforts, cases of illegal cutting of the fence and woody species, including palm trees for their leaves used in thatching, as well as livestock grazing inside the property were observed. Wild animals, namely kudu, impala and monkeys, inhabit the property. Hence, overgrazing has been a serious problem in Island Safari. Currently, the property, including the vegetation, is protected by two guards. Therefore, grazing by livestock and cutting of woody species has been prevented. However, the property experiences recurrent flooding during the rainy seasons when the volume of water in the Thamalakane River (Okavango Delta) increases.
Shorobe Village is located in Ngamiland East Sub-District about 36 km northeast of Maun. It lies between 19˚45'56.71'' South and 23˚40'10.53'' East and has a population of 1031 people (CSO, 2011) . To the northwest of the village, there is an extensive network of molapo fields fed by the Santantadibe and Gomoti Rivers and by backflow from the Thamalakane River. Soils in molapo fields are classified as young alluvial soils. Texture varies from clayey (35% to 60% clay), especially in low-lying areas, through fine loamy (18% to 35% clay) to coarse loamy (<18% clay) (Chimbari et al., 2009; Neelo et al., 2013) . Flooding of most molapo fields has not occurred for several years until flood waters returned in 2009. When floods occur, molapo fields are cultivated as the flood recedes. The villagers practise both arable and pastoral farming. The main crops planted are maize, sorghum, millets, pumpkins, water melons, melons, sweet reeds, beans and groundnuts. The local people are also engaged in traditional beer brewing and palm wine making, fishing and basket weaving (Neelo et al., 2013) .
Xobe Village, with a population of 418 people (CSO, 2011) , is a cattlepost area on the south bank of the Boteti River, about 13 km east of Maun. The area lies between 20˚7'10.26'' South and 23˚27'41.26'' East. The river normally floods in July, but in dry years (e.g. in the late 1990s), the flood may not reach the settlement. Soils in Xobe settlement molapo fields are coarse textured alluvial deposits (Chimbari et al., 2009; Neelo et al., 2013) . Livelihood activities for people in Xobe settlement include rain-fed farming, molapo farming, irrigated vegetable production and livestock rearing. Molapo farmers cultivate along the river banks as the water flow recedes. Ploughing is done using donkeys, though smaller areas may be cultivated with hand hoes. The main crops planted are maize, pumpkins, sweet sorghum and gourds. Other activities include harvesting of wild plants for sale and fishing (Neelo et al., 2013 
Methods
The three study sites described above were used to assess woody plant diversity (species richness, diversity and evenness), stand structure of the woodlands (density, abundance, frequency, dominance/basal area, population structure and important value index) and regeneration status of the woody species. Since there are no molapo farms in Island Safari, the vegetation was stratified into three based on the abundance of woody individuals as dense, medium dense and sparsely dense stands and their area coverage. In the dense stands, 45 quadrats each measuring 20 × 20 m were laid down at every 50 m intervals along three parallel line transects. In each of the medium and sparsely dense stands, 30 quadrats each measuring 20 × 20 m were laid down at every 50 m intervals along two parallel line transects. At Shorobe and Xobe, three molapo fields, at least one kilometer apart, and having adjacent vegetation were randomly selected for the study (Neelo et al., 2013) . In each molapo field, 20 × 20 m quadrats were laid down at every 50 meters interval along three parallel line transects, which were 50 meters apart. A total of 105, 111 and 130 quadrats representing total areas of 4.2, 4.44 and 5.2 ha were sampled. The number of quadrats in the three study sites varied because of unavailability of additional areas appropriate for the surveys.
In each of the quadrats, the following parameters were recorded: identity of all woody species (WS), number of live individuals of all WS and diameter at breast height (DBH) of all WS (with DBH > 2 cm), except juveniles (seedlings and coppices: height < 1.5 m). In the case of seedlings and coppices, the number of individuals of each species was counted and recorded in each quadrat. A calliper and graduated measuring stick were used to measure diameter at breath height (DBH) and height of the woody plants and seedlings/coppices, respectively.
The woody species were identified directly in the field by using the available literature (Timberlake, 1980; Ellery & Ellery, 1997; van Wyk & van Wyk, 1997 Heath & Heath, 2010; Roodt, 1993 Roodt, , 1998 Setshogo, 2002 Setshogo, , 2005 Setshogo & Venter, 2003) and with the help of local people familiar with the flora. Plant nomenclature used in this article follows that of Setshogo and Venter (2003) and Setshogo (2005) .
Data Analyses
The data anlyses followed the procedures described in detail by Neelo et al. (2013) .
Species richness was determined from the total number of woody species recorded in each of the three study sites. Similarity in the woody species composition among the three study sites was analysed using Jaccard's Similarity Coefficient (Krebs, 1989) . The diversity of woody species in each of the three study sites was analysed by using the Shannon Diversity Index (Krebs, 1989; Magurran, 2004) . The index takes into account the species richness and proportion of each species in all sampled quadrats of each study site. Evenness or equitability, a measure of similarity of the abundances of the different woody species in the study sites, was analysed by using Shannon's Evenness or Equitability Index (Krebs, 1989; Magurran, 2004) . Equitability assumes a value between 0 and 1, with 1 being complete evenness.
Density of the woody species was calculated by converting the total number of individuals of each woody species encountered in all the quadrats and all transects used in each of the three sites to equivalent number per hectare. The frequency was calculated as the proportion (%) of the number of quadrats in which each woody species was recorded from the total number of quadrats in each of the sites. Dominance of the woody species, with diameter at breast height (DBH) of > 2 cm, was determined from the space occupied by a species, usually its basal area. The total basal area of each woody species was converted to equivalent basal area per hectare (Kent & Coker, 1992) .
Important value index (IVI), which indicates the relative ecological importance of a given woody species at a particular site (Kent & Coker 1992) , was determined from the summation of the relative values of density, frequency and dominance of each woody species. Relative density was calculated as the percentage of the density of each species divided by the total stem number of all species ha −1
. Relative frequency of a species was computed as the ratio of the frequency of the species to the sum total of the frequency of all species at each study site. Relative dominance was calculated as the percentage of the total basal area of a species out of the total basal areas of all species at each study site.
The population structure of each of the woody species in each of the three study sites was assessed through histograms constructed by using the density of individuals of each species (Y-axis) categorized into ten diameters classes (X-axis) (Peters, 1996) , i.e. 1 = < 2 cm; 2 = 2 -5 cm; 3 = 5 -10 cm; 4 = 10 -15 cm; 5 = 15 -20 cm; 6 = 20 -25 cm; 7 = 25 -30 cm; 8 = 30 -35; 9 = 35 -40; 10 = > 40 cm. Then, based on the profile depicted in the population structures, the regeneration status of each woody species was determined.
Results

Species Richness and Floristic Similarity
A total of 47 species, representing 16 families and 24 genera, were recorded in the three study sites. Of these, 33 species representing 13 families and 20 genera, 41 species representing 15 families and 23 genera, and 27 species representing 10 families and 14 genera were encountered in Island Safari, Shorobe and Xobe, respectively ( Table 1) . Only three species, one each from the three sites, were not identified. Shorobe exhibited the highest numbers of families, genera and species than Island Safari, which, in turn, had higher number of families, genera and species than Xobe.
The most diverse family was Fabaceae, with 36% of the total number of species, followed by Combretaceae (15%) and Tiliaceae (9%) at all the three sites ( Table 1 ). All the other families were represented by only one or two species. The highest similarity in family composition was recorded between Island Safari and Shorobe (72%), and the lowest between Island Safari and Xobe (46%) ( Table 2) . Two of the families, namely Bignoniaceae and Burseraceae were exclusively found in Shorobe while Rubiaceae was recorded only in Xobe.
The most diverse genus was Acacia, with 23% of the total number of species, followed by Combretum (11%) and Grewia (9%) ( Table 1 ). All the other genera were represented by only one or two species. The same order holds true when Island Safari and Shorobe are considered while in the case of Xobe, Acacia is followed by Grewia and Combretum. Similar to the family composition, the highest similarity in genus composition was recorded between Island Safari and Shorobe (87%), and the lowest between Shorobe and Xobe (54%) ( Table 2) . Two of the genera, namely Rhigozum and Commiphora were exclusively found in Shorobe while Gardenia was recorded only in Xobe.
The three sites shared 18 of the 47 woody species in common. Similarly, Island Safari shared 31 and 19 of the woody species with Shorobe and Xobe, respectively, while Shorobe shared 22 of the woody species with Xobe (Table 1) . Six, four and one of the 47 woody species were recorded exclusively in Shorobe, Xobe and Island Safari, respectively. The highest similarity in species composition was recorded between Island Safari and Shorobe (87%), and the lowest between Shorobe and Xobe (56%) ( Table 2) .
Diversity and Evenness
The diversity values of woody species encountered in the study sites were 2.18, 2.15 and 1.5 in Shorobe, Island Safari and Xobe, respectively, while their corresponding evenness values were 0.6, 0.6 and 0.5, respectively. Rhigozum brevispinosum 
Sub-Total
Density, Frequency and Dominance
The mean density of all the woody species recorded in the three study sites was 9645 individual ha −1 while the mean densities of the woody species encountered in Island Safari, Shorobe and Xobe were 2629, 4271 and 2745 individuals ha −1 , respectively ( 
Importance Value Index
Colophospermum mopane (84) Table 1) . In contrast, the woody species, which exhibited the lowest IVI values (IVI < 1) were C. mossambicense, C. tomentosa and E. divinorum in Island Safari, 13 different species in Shorobe, and Acacia galpinii, A. nilotica, C. mossambicense and G. bicolor.
Population Structure
The woody species recorded from the three study sites demonstrated diverse patterns of population structures. However, these patterns can be broadly categorized into two major groups, i.e.: Group I-represents woody species that exhibited stable population structures composed of the highest density of individuals at the lowest DBH class followed by gradually declining densities of individuals with increasing DBH classes (Figure 2(a) ). The following species were categorized under this group: a) A. erioloba, A. hebeclada, A. luederitzii, A. nilotica, A. sieberiana, A. tortilis, C. mopane, Combretum hereroense, Croton megalobotrys, D. cinerea, G. livingstonei, G. bicolor and Z. mucronata Group II-represents woody species that exhibited unhealthy population structures resulting from occurrence of individuals only in the lowest DBH classes (seedlings) (Figure 2(b) ), only individuals in the first few DBH classes (Figure 2(c) ) and seedlings and/or individuals missing in most of the DBH classes (Figure 2(d) ). The following species were categorized under this group: a) A. mellifera, Albizia anthelmintica, A. harveyi, Berchemia discolor, C. tomentosa, C. collinum, C. imberbe, C. mossambicense, Diospyros lycoioides, E. divinorum, Grewia flava, G. retinervis, G. senegalensis, H. petersiana, Mimusops zeyheri, P. violacea . erubescens, A. fleckii, A. hebeclada, A. nigrescens, A. nilotica, A. sieberiana, A. anthelmintica, A. harveyi, B. discolor, Boscia albitrunca, C. tomentosa, C. collinum, C. hereroense, C. mossambicense, Commiphora mossabicensis, C. megalobotrys, D. lycioides, E. divinorium, G. livingstonei, G. bicolor, G. flava, G. flavescens, H. petersiana, M. zeyheri, P. nelsii, P. violacea, Rhigozum brevispinosum, Rhus tenunervis, T. prunioides, T. sericea and X. americana, Z. mucronata and Motorokofina (unidentified sp.) in Shorobe (80% of all the species); and c) A. erioloba, A. erubescens, A. fleckii, A. galpinii, A. luederitzii, A. mellifera, A. nilotica, A. tortilis, A. anthelmintica, B. albitrunca, C. hereroense, C. mossambicense, C. megalobotrys, Gardenia volkensii, G. bicolor, G. flava, G. retinervis, M. zeyheri, P. nelsii, P. violacea, T. prunioides, Z . mucronata and unidentified species in Xobe (85% of all the species).
Discussion
Of the three study sites, Shorobe exhibited the highest number of families, genera and species followed by Island Safari and, then, Xobe. Island Safari and Shorobe exhibited similar diversity values, which were more than 1.4 times higher than that recorded in Xobe. Shannon diversity index values observed in the three study sites fall within the range (0.70 -3.57) reported for other dry forests of the Sub-Saharan region (Shackleton, 1993; Obiri et al., 2002; Venter & Witkowski, 2010) . The high diversity of woody plants in Shorobe and Island Safari was probably a result of high species richness and abundance in these study areas. The relatively high diversity at both sites can be attributed to low disturbance, habitat conditions and species characteristics (Zegeye et al., 2006 (Zegeye et al., , 2011 Tadele et al., 2014) . Typically, this could be the case for Island Safari, which has been exclosed since the early 1980s. However, evenness values of woody species at the three study sites were more or less similar, implying that individuals of the different species recorded exhibited moderately similar abundance at the three sites. The relatively high diversity and evenness indices indicate the need to conserve the floristic diversity of the study sites and also protect the woody vegetation from human disturbances (Zegeye et al., 2011) . Density ha -1
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The reasons for variation in floristic composition at the three study sites could be due to excessive anthropogenic disturbances, disparity in conditions for regeneration and exploitation of some species, especially at Xobe (Wassie et al., 2005) . Anthropogenic disturbances, such as logging or cutting trees, usually, result in an immediate decline in species diversity (Noble and Dirzo, 1997) . Xobe, which is located in the vicinity of Maun (Figure  1) , is used as a cattle ranch by not only the local communities but also residents of Maun. It has been exposed not only to overgrazing, as a result, but also exploitation as more areas have and continue to be cleared, especially for molapo and rain-fed agricultural development. On the other hand, Island Safari is a private property with an exclosure to protect it from any exploitation. Human induced disturbances determine the vegetation structure and composition of forests by their influences on the regeneration success of woody species (Cotler and Ortega-Larrocea 2006) . The considerable floristic variations (species richness, genera, families and overall diversity) between the two open sites (Shorobe and Xobe), were probably due to their differences in the soil types and moisture availability (Chimbari et al., 2009; Neelo et al., 2013) .
Shorobe exhibited much higher density (4271 individuals ha ), which had more or less similar densities. The highest density of woody species at Shorobe can be linked to the higher number of species recorded at this site than at the other two sites. Also, Shorobe is adjacent to Moremi Game Reserve (MGR), which has a potential to serve as a seed donor to the adjacent vegetation at Shorobe. Seeds of woody species can be dispersed by wild animals inhabiting the MGR, water from the Okavango Delta and wind, increasing the chances of seed germination, seedling recruitment, growth and, ultimately, species richness and diversity of the woody species. Island Safari and Shorobe had the same densest top four woody species, namely C. mopane, A. tortilis, P. violacea and D. cinerea, which could be attributed to their close proximity to each other, suggesting similar edaphic conditions. Surprisingly, the densest woody species in Island Safari and Shorobe, i.e. C. mopane, was not recorded in any of the quadrats assessed in Xobe, which could be attributed to differences in the edaphic conditions between Xobe and the other two sites (Chimbari et al., 2010; Neelo et al., 2013) .
Acacia mellifera and A. tortilis had much higher densities at Xobe than Island Safari and Shorobe with more than 82% of the total density recorded at Xobe. More than 83% of the total density in Xobe was represented by the three Acacia species, two of which are also among the most dominant and frequently found with the highest IVI values. This might suggest signs of bush encroachment due to overgrazing and over-exploitation of woody species at Xobe (DEA, 2008; Neelo et al., 2013) . Acacia mellifera is known to form impenetrable patches of thickets at Xobe, and also it encroaches eroded sites (Ellery & Ellery, 1997) and heavily grazed areas (El-Sheikh, 2013) . Acacia tortilis is also a common and widespread species in Botswana, which occurs on clay or loam soils in a variety of woodlands, generally near floodplains and pans. It encroaches heavily grazed sites (Ellery & Ellery, 1997; Neelo et al., 2013) . The domination of Acacia species, which are indicative of heavy grazing and encroachment, at Xobe is consistent with the fact that Xobe is used as a cattle post by people living in the nearby Maun Town. Also, the relatively high number and density of Acacia species recorded at Xobe may be associated with their seed dispersal, which is known to be facilitated by ruminants that usually browse them, and the subsequent conducive environment for seed germination and seedling development within the accompanying organic manure from animal droppings (Teketay 1996 (Teketay , 1997a (Teketay , 2005a Kalema, 2010; Neelo et al., 2013) . The variation in the density and frequency among woody species was probably a result of the differences in site conditions, species characteristics, economic importance of species and anthropogenic disturbances (Shibru and Balcha, 2004; Tesfaye and Teketay, 2005; Hundera and Gadissa, 2008) .
Importance Value Index is an important parameter that indicates the ecological significance of species in a given ecosystem (Zegeye et al., 2006; Senbeta and Teketay, 2003; Worku et al., 2012) . Species with high IVI values are regarded as more important than those with low IVI values (Zegeye et al., 2011) . The IVI values are also used in conservation programmes, where species with low IVI values are prioritized for conservation (Shibru 2002; Shibru and Balcha 2004) and those with high IVI values need monitoring management (Gurmessa et al. 2012) . Acacia tortilis, C. mopane, A. erioloba, D. cinerea and P. nelsii at Island Safari, C. mopane, A. erioloba, A. tortilis, P. violacea, and C. imberbe at Shorobe and A. tortilis, A. mellifera and P. nelsii at Xobe can be considered the most ecologically important woody species with IVI values of more than 20 contributed by their high values of density, frequency and dominance. Interestingly, A. tortilis is recorded among the most ecologically important woody species at all the three study sites. Acacia tortilis and A. mellifera can be regarded as the most ecologically important woody species at Xobe (both with the same IVI value of 90) than any other species at the other two sites. Species with the same IVI have the same or similar population structure (Lamprecht, 1989) .
Tree size class distribution is an important indicator of changes in population structure and species composition of a forest ecosystem (Newbery & Gartlan, 1996; Condit et al., 1998) . Population structure of woody species yields information on the history of past disturbance of this species and its environment (Teketay, 1997b; Wale et al., 2012) , which can be used to predict the future trend of the population of a particular species (Teketay, 1997b; Wilson & Witkowski, 2003; Kalema, 2010) . Based on the assessment of diameter class distributions, the population structure patterns of the woody species recorded from Island Safari, Shorobe and Xobe were categorized into two groups. In the first group, the number of individuals decreased with the increasing diameter class, resulting in an inverted J-shaped population, an indication of stable population structure or healthy regeneration status (Teketay 1997a; Alelign et al., 2007; Tesfaye et al., 2010; Zegeye et al., 2011; Helm & Witkowski, 2012; El-Sheikh, 2013) . This pattern was exhibited by about 29%, 20% and 15% of the woody species recorded at Island Safari, Shorobe and Xobe, respectively. Typical examples are A. erioloba, C. mopane and C. hereroense at Island Safari, A. tortilis, D. cinerea and G. senegalensis at Shorobe and C. albopunctatum, D. cinerea and X. americana at Xobe. Island Safari exhibited the highest number of species in this group than Shorobe and Xobe, indicating the contribution of the exclosure in protecting the woody species from disturbance and exploitation. Similar to other studies on dry forests in Africa (Teketay, 1997 (Teketay, , 2005a (Teketay, , 2005b Mwavu & Witkowski, 2009) , population structure of woody species in undisturbed forests showed an inverted J-shaped curve pattern.
On the contrary, it was alarming to find out that 71%, 80% and 85% of the woody species recorded in Island Safari, Shorobe and Xobe, respectively, exhibited hampered regeneration and, thus, unhealthy population structures. In open sites, human disturbance, particularly grazing, is usually the major reason for hampered or poor regeneration (Zegeye et al., 2011) . High browsing pressure can lead to the absence of seedlings or juveniles as a result of high seedling mortality (Tremblay et al., 2007; Negussie et al., 2008) . Although Island Safari has been exclosed for more than 30 years, the fate of many of the woody species is the same as the other two sites in terms of the hampered regeneration. This can be attributed to the heavy over-grazing and cutting of trees that took place before the establishment of the exclosure as well as the annual flooding of most of the area covered by the woody vegetation caused by the overflow of the adjacent Thamalakane River. The death of seedlings and, even, bigger trees, such as Acacia species, is caused by the recurrent flooding, which leads to water logging of the area covered by the woody vegetation resulting in the decline of the species richness, density, frequency, dominance and, hence, IVI as well as hampered regeneration and unstable population structure of the woody species. Therefore, there is an urgent need to address the unhealthy population structures of the woody species through investigation of the major causes of the prevalent hampered regeneration, and also designing measures that will facilitate natural and artificial regeneration of these species at the three study sites.
